During 2004 and 2005, Florida was struck by 8 hurricanes, resulting in 213 deaths. The Department of Health and Florida medical examiners monitor hurricane mortality surveillance. This study analyzed hurricane-related deaths reported by the Florida Medical Examiners Commission for 2004 to 2005. The objectives of this study were to (1) describe the Florida hurricane-related mortality for 2004 and 2005, (2) accurately characterize the hurricanerelated deaths, and (3) identify strategies to prevent or reduce future hurricane deaths. For 2004, there were 144 total hurricane-related deaths. The majority (59%) occurred in the postimpact phase, with accidents accounting for 76% of deaths. Among these, over half were caused by trauma, followed by drowning, other injury, electrocution, and carbon monoxide poisoning. For 2005, there were 69 hurricane-related deaths. Sixty-one percent of deaths occurred in the postimpact phase, with accidents accounting for 86% of all deaths. Among these, over half were due to trauma, with drowning and carbon monoxide poisoning being the other major contributors. Most hurricane-related deaths are due to unintentional injury and therefore, preventable. Seventy-nine percent of deaths are in those aged 40 and older. Prevention messages should target high-risk, postimpact activities, especially in older adults.
F lorida experienced an unprecedented 2-year cluster of 8 hurricanes in 2004 to 2005. In addition to billions of dollars of environmental and property damage, there was substantial morbidity and mortality, with 213 deaths resulting. A majority of the state was impacted either directly or indirectly by the hurricane paths, with deaths occurring in 42 of Florida's 67 counties (Fig. 1) .
US hurricane mortality has trended downward in recent years, from an average 1400 deaths per decade between 1910 and 1939, to 250 deaths per decade from 1970 to 1999. 1 Before the implementation of effective early warning systems, and evacuation and sheltering policies, 90% of hurricane mortality was caused by drowning due to storm surge. Warning advisories issued several days in advance 2 and evacuations ordered 21 hours before anticipated landfall 3 before Hurricane Andrew in 1992 were, in part, credited with reducing potential mortality. Now the majority of impactphase deaths are due to high-velocity winds, and most of the hurricane-related morbidity and mortality occurs in the postimpact phase. 1, 4 According to the National Oceanic and Atmospheric Administration, the United States has been in an increased cycle of hurricane activity since 1995. That cycle is predicted to continue for another 10 to 20 years. 5 The epidemic of hurricanes in Florida over the past 2 years, and the devastating effects of Hurricane Katrina on the US Gulf Coast states may be a harbinger of the future and suggests the need for continued vigilance and prevention efforts.
Data from medical examiners in past disasters has been used to make recommendations for preventing flood, hurricane, and other disaster-related deaths. 6, 7 The purpose of this study is to (1) describe the number of deaths attributable to hurricanes; (2) accurately describe the distribution, demographic characteristics, phase of occurrence, and etiology of the deaths; and (3) identify strategies to reduce or prevent future morbidity and mortality because of hurricanes. 8
MATERIALS AND METHODS

Hurricane Mortality Surveillance
As part of the surveillance conducted by the Florida Department of Health (FDOH) in the aftermath of hurricanes, hurricane-related deaths are monitored. Although there is no universally accepted definition, hurricane-related deaths have been defined as those attributed to the effects of a hurricane, both direct and indirect. 9 Hurricane mortality surveillance is a method to evaluate health effects attributable to disasters and assess the effectiveness of prevention policies, and identify potentially preventable deaths. 8 The framework used for hurricane-related deaths classification in this study was that developed by the Centers for Disease Control and Prevention (CDC) for assessing disasterattributed mortality, including that attributed to hurricanes and earthquakes. 9 Deaths are characterized by hurricane phase: preimpact-those occurring before landfall, impactthose occurring during landfall, or postimpact-those resulting after landfall. They can be further classified as direct or indirect. Direct deaths are due to the physical forces of the storm, whereas indirect deaths are caused by unsafe or unhealthy conditions associated with the preparation for or occurrence of the hurricane. Direct deaths include those caused by the actual hurricane cyclone, storm surge, rainfallrelated floods or rapidly moving surface water, tornadoes, wind effects, temperature changes, and lightning. Indirect deaths include those due to loss or disruption of usual services such as electrical, transportation, medical, and mental healthcare; or personal loss or lifestyle disruption that includes evacuation, temporary sheltering, loss of safe housing and essential provisions, psychosocial stress, and clean-up after the disaster.
Florida law requires that deaths caused by trauma, those that occur under unusual or suspicious circumstances, or those caused by disease posing a threat to public health be referred to the medical examiner. 10 Each of the 67 Florida counties falls under the jurisdiction of 1 of 24 medical examiner districts. 11 When medical examiners receive death reports of public health importance, specifically those related to hurricanes, reports are made to the Florida Medical Examiners Commission (MEC). This mortality surveillance is part of the standard operating procedure for FDOH hurricane response and has been in place since the beginning of the 2004 hurricane season. 8
Data Collection and Analysis
Data collection and analysis for this review were conducted by the MEC and the FDOH Bureau of Epidemiology. During hurricane season that runs from June 1 to November 30, deaths associated with hurricanes are automatically reported by the MEC on a twice daily basis. Subsequently, copies of final death certificates, obtained from the FDOH Office of Vital Statistics, and medical examiner documentation are reviewed by FDOH epidemiologists.
Medical examiners investigating the deaths make a determination of the manner of death, based on the circumstances and physical findings. Deaths are classified as accidental-unintentional injury, natural-exacerbation of a preexisting medical condition by storm stress, suicide-self-inflicted fatal injury, homicide-fatal injury inflicted by another person, or undetermined-death due to uncertain circumstances. 12 Manner of death also may be classified as pending or awaiting further evaluation to make a final determination. Probable cause of death is the underlying etiology or mechanism of injury that resulted in death. For hurricane-related deaths, this typically includes, but is not limited to blunt force trauma, multiple traumatic injuries, drowning, electrocution, carbon monoxide poisoning, inhalation injuries, or natural death-chronic disease, exacerbated by storm stress; and asphyxiation.
For 2004, hurricane-related deaths include those initially reported by the MEC, as well as 17 deaths reported by the Federal Emergency Management Agency (FEMA) that the MEC subsequently reviewed and also determined to be due to the direct or indirect effects of the hurricanes. There were no additional Federal Emergency Management Agency reported deaths for 2005. In general, mortality surveillance for each hurricane starts a few days before landfall and extends to 30 days postlandfall. In a few cases, late deaths resulting from injuries sustained during the initial surveillance period also are included.
Hurricane mortality data reported by the MEC includes the age, sex, and race of decedent, date of death or recovery, county of death, description of the incident, probable cause of death, probable manner of death, and medical examiner district. Based on this information, the Department of Vital Statistics adds the name of each decedent, obtained from the county health department, before reporting the mortality data to FDOH epidemiologists in an Excel spreadsheet. As new data are obtained, updated spreadsheets are sent to FDOH. From this information, a determination is made, based on the CDC disaster mortality matrix 9 as to whether each death was direct or indirect, and the phase in which it occurred: preimpact, impact, or postimpact. Probable cause of death, as assigned by the medical examiners, is further classified into the categories of trauma, drowning, carbon monoxide poisoning, electrocution, natural, burns or inhalation, and other; which include less common types of fatal injuries or conditions, such as exsanguination and asphyxiation. In cases where there is more than one probable cause of death, the primary cause of death as determined by the medical examiners, is used for classification for the purpose of analysis.
In this study copies of death certificates were reviewed to confirm MEC spreadsheet data about each decedent. This includes verifying the name of decedent, age, race and ethnicity, circumstances of the death, manner of death, and probable cause of death. Because medical examiners report cases in a timely manner, some data may have been pending at the time of initial reporting, thus some data for this study were obtained directly from death certificates. In the case of discrepancies, death certificate data are used. Additional data for each decedent were obtained from the death certificate Master File, an electronic database available through the FDOH Vital Statistics. This provides supplemental information including the underlying cause of death, based on International Classification of Disease (ICD-10) codes (National Center for Health Statistics. Available at: http:// www.cdc.gov/nchs/data/dvs/im9_2002.pdf.pdf).
Data Analysis
Data from the medical examiners, death certificates and Master File were merged into a single Excel spreadsheet and imported into SPSS version 13 (SPSS, Chicago, IL) for analysis. Data were analyzed both at the level of an individual hurricane as well as for each of the 2 hurricane seasons. (14), and Wilma (41). No deaths occurred as a result of hurricane Rita. Four of these 213 deaths occurred late, more than 30 days postlandfall. All 4 sustained injuries during the initial surveillance period and died 5 weeks to 5 months later.
RESULTS
Demographic Characteristics
During both 2004 and 2005, 3 quarters of all deaths occurred among males (76% and 75% of all deaths, respectively).
Race and ethnicity of decedents differed between the 2 years, which, in part may be due to the population distribution of the impacted regions. For both years, white non-Hispanic individuals comprised the majority of deaths (85% and 58%, respectively), but for 2005, deaths among black non-Hispanics accounted for 3 times as high a proportion of deaths as in 2004 (19% vs. 6%). Similarly, Hispanic deaths in 2005 also demonstrated a 3-fold increase in proportion compared with 2004 (22% vs. 7%). American Indian decedents comprised fewer than 2% of all deaths in both years.
The median age of decedents in 2004 was 57 years and for 2005, was 59 years. The pattern observed in both years was that the smallest percentage of decedents (6% and 7%, respectively) was in the youngest age group (0 -19 years), followed by progressively greater percentages in the increasing age groups, with the largest percentage of decedents, 46% and 49%, respectively, in the more than 60 years age group. The majority of deaths for 2004 and 2005 combined (168 of 213 or 79%) were in those 40 years or older.
A summary of the demographic characteristics for Florida hurricane mortality decedents from 2004 to 2005 can be found in Table 1 .
Characteristics of Hurricane Deaths
For 2004 and 2005 combined, 19% of all deaths were direct (41 of 213), whereas 81% (172 of 213) were indirect. There were no significant differences between direct and indirect deaths in the median age of decedents (54.4 years and 56.4 years, respectively), or whether death occurred in the county of residence or outside the county of residence. Those who remained home during the hurricane were no more likely to die than those who evacuated, or were outside their home area. Notably however, 76% of all deaths (162 of 213), both direct and indirect combined, occurred in the county of In both years, the largest number of deaths occurred in the postimpact phase and the smallest number in the preimpact phase. Overall, accidents were the leading manner of death, with natural deaths occurring second most frequently. Three suicides were classified as hurricane-related deaths in 2004, 1 with each of the first 3 storms. These suicide decedents were white males, ages 55, 63, and 83. Two were divorced, 1 was married. All were reported to be despondent over a hurricane and died of self-inflicted gunshot wounds 3 to 6 days following landfall. There were no hurricane-related suicides reported for the 2005 hurricane season.
Among all deaths for 2004 -2005, approximately half (47% and 52%, respectively) were due to trauma as the probable cause. Among accidental deaths, drowning was the second most common etiology in 2004 (10% of all deaths). For 2005, there were as many deaths from carbon monoxide poisoning as from drowning (13% each). For carbon monoxide, this was an increase from 4% of all deaths (6 of 144) in 2004.
Among the carbon monoxide deaths for both years, 14 of 15 (93%) were due to improper placement of gasolinepowered generators used to produce electricity in an indoor setting, while one was due to a charcoal grill being brought inside while still smoldering.
Phase, manner, and cause of death are summarized in Table 2 .
DISCUSSION
Hurricanes affect public health not only by damaging public utilities, housing, and community infrastructure but also by directly impacting human health and well-being. In addition to increased injuries, mental health problems and reduced access to health care services, hurricanes also frequently result in loss of life. 13 Although the greatest number of US fatalities following a hurricane occurred after the unnamed 1900 Galveston hurricane, a category 5 storm that resulted in 8000 deaths, Florida experienced significant mortality from hurricanes in the early 20th century as well. There were 373 deaths from the 1926 Miami Beach hurricane (category 4), 1836 deaths from the 1928 Okeechobee hurricane (category 4), and 408 deaths from the 1935 hurricane (category 5) that made initial landfall in the Florida Keys, followed by a second landfall at Cedar Key. 14 More recently, 44 deaths were associated with Hurricane Andrew in 1992. 15 However, during the 2004 to 2005 hurricane seasons, the impact of 8 hurricanes on Florida resulted in a total 213 deaths, of which 41 (19%) were direct, despite the advances in hurricane warning, evacuation, and sheltering policies.
An analysis of the Florida hurricane-related deaths reveals consistencies with cyclone mortality reported in the literature, as well as that reported with prior Florida hurricanes. 1, 2, 4, 7, 16, 17 Not unexpectedly, males are more likely to die than females. Additionally, the majority of deaths occurred in the postimpact phase (60% overall for the 2 years) and are predominantly due to indirect causes, 15 in particular, unintentional injury and trauma. Typically, males are involved in making preparations to secure homes and property before landfall, and cleanup and recovery phase efforts after- ward. These activities often involve exposure to infrequent tasks such as climbing on ladders and roofs, using unfamiliar power tools or large equipment, and in general, being out in an environment that may pose safety risks due to downed electrical power lines, unmonitored intersections, unstable buildings, storm and tree debris, and flooding. Because the majority of deaths occur in the county of residence and are most frequently related to outdoor activities in the postimpact recovery phase, increased emphasis needs to be placed on safety in home and familiar settings where residents may not feel the need for special precautions, once the immediate hurricane has passed. As Florida is home to a large number of retirees, it is not surprising that the median age of decedents is 57 years. Additionally, nearly 80% of deaths occurred in those aged 40 or older and this included all deaths due to natural causes (N ϭ 42) and the 3 suicides. Although the 2000 census ranks Florida second highest among all states for median age (38.7 years), 18 3 counties, including Charlotte, Citrus, and Sarasota-all within the direct path of the 2004 hurricanes 19had median ages over age 50. Overall, 17% of the Florida population is at least 65 years of age, making the state rank highest nationally for percentage of population 65 years or older. 18 In general, the elderly may be less able physically or financially to sustain evacuation, sheltering, or prolonged exposure in damaged homes and communities following landfall. Those living in mobile homes are at particular risk for injury or mortality during storm landfall because of structural instability. Older individuals are also more likely to have chronic illness, putting them at risk for natural death due to physical or psychologic stress, especially when access to health care resources is compromised. Underlying cardiovascular disease accounted for 74% of hurricane-related natural deaths in this study (N ϭ 31). Consequently, hurricane prevention messages need to target those at risk for cardiac events by cautioning them about the dangers of unusual physical exertion, psychologic duress, and heat. 2 Additionally, messages should include the signs and symptoms of an impending cardiac event.
Although it is no longer the leading cause of death, due to precautions taken to remain safe during storm surge, drowning still poses a significant risk in both impact and postimpact phases. Increased surf conditions at beaches, sinking of houseboats during the storm, and vehicle use during heavy rains or floods, either before or immediately after landfall, all contribute to hurricane-related drowning mortality. 17, 20 Because nearly one-quarter of indirect deaths occurred while in or on a motor vehicle including motorcycles, messages need to emphasize not driving during the hurricane, and using extreme caution when driving after hurricane landfall due to flooding, roadway debris, and unmonitored intersections.
Inexperience with use of gas-powered generators is the root cause of deaths associated with carbon monoxide poisoning. Related morbidity also is significant. There were 6 reported deaths from carbon monoxide poisoning due to improper generator use in 2004, and at least 167 cases of nonfatal poisoning. 21 Unfortunately, despite increased warn-ings about proper generator use following the 2004 hurricane season, there was an increase in the number and percentage of deaths that were attributed to carbon monoxide poisoning in 2005. Unsafe placement of generators in an indoor setting, coupled with low utilization of carbon monoxide detectors, continues to be the primary risk. In response, the Consumer Product Safety Commission has now issued new warning labels in 2006 indicating the danger of death from using generators in an indoor setting. 22 Lastly, it is unclear if prevention messages are effectively reaching the populations at risk-and whether individuals at risk perceive themselves as such. Unfortunately, experiencing a major hurricane does not promote better preparedness for future hurricanes. 23 In fact, an October 2004 FDOH survey found that nearly half (48.7%) of Florida residents had no evacuation plan before any of the hurricanes. Additionally, residents of counties not in the direct path of a hurricane experienced consequences similar to those experienced by residents in the direct path, including injury, reduced access to health care services, and loss of work days. 19 Although hurricanes may be downgraded to tropical storm status while passing inland counties, unstable weather conditions, property damage, and death may still occur if risks are not recognized and appropriate precautions taken. 4, 10, 15 Consequently, precautionary measures must be widespread and heeded by those both in and outside the impact area, if they are to be effective.
